Reactive oxygen species (ROS), such as hydrogen peroxide (H 2 O 2 ), superoxide anion (O 2 ·Ϫ ) and hydroxyl radicals ( · OH) are produced as an byproduct of many cellular reactions including various metabolic and defense processes. 1, 2) ROS produced endogenously may contribute cellular damage during ischemia-reperfusion and inflammation. [3] [4] [5] It has been demonstrated that H 2 O 2 produce contraction in isolated rabbit aorta, 6) canine coronary, 7) rat pulmonary artery 8) and bovine pulmonary artery 9) and relaxation in pig coronary artery. 10) Hydroxylradical contract rat aorta. 11) However, there is few reports that their effects on vasoactive amine-induced contractions. For example, Iesaki et al. reported that H 2 O 2 inhibited phenylephrine-induced contraction. 12) Thus, the present study was designed to test the direct effects of H 2 O 2 or ROS generated by exogenous application of xanthine plus xanthine oxidsae (X/XO) on contraction induced by serotonin (5HT), histamine (His) and acetylcholine (ACh) using isolated porcine coronary arteries. Ethylene diamine tetra-acetic acid (EDTA) to chelate metal ions, which promote the production of ROS, and edaravone, a hydroxyl radical scavenger, 13) were used to clarify the participation of · OH.
leite (KH) solution used in the present experiment was as follows (mM): NaCl, 118.4; KCl, 4.7; MgSO 4 , 1.2; KH 2 PO 4 , 1.2; NaHCO 3 , 25.0; CaCl 2 , 2.5; and glucose, 11.1. The solution was continuously bubbled with 95% O 2 and 5% CO 2 (pH 7.4). High K ϩ (124 mM) solution was made by isotonic replacement of NaCl with KCl from KH solution.
Tissue Preparation and Contraction Experiment Preparation of isolated porcine coronary artery was essentially similar to the methods previously described. 14, 15) In briefly, porcine hearts were obtained from a local slaughterhouse and transported to the laboratory immersed in ice-cold oxygenated KH solution. The first branch of the left anterior descending coronary artery was dissected and cleaned of all surrounding fat and connective tissue and was cut into rings of 2-3 mm in length. Vascular rings were mounted on two stainless-steel hooks inserted through the lumen of the ring. The bottom hook in each preparation was fixed, whereas the top hook was attached to a force transducer (T7-30-240, Orientec, Japan) mounted on a movable platform, which allowed adjustment of resting tension. Tension changes were recorded on a recorder (Rikadenki Kogyo Co. Ltd., Tokyo, Japan). Each ring was suspended in a 10 ml organ bath and immersed in KH solution maintained at 37°C. The ring was allowed to equilibrate for 60-90 min with an optimal resting tension of 1.5 g. The preparation was repeatedly contracted by high K ϩ solution till similar peak contraction was obtained. The last contractile response to high K ϩ solution was allowed to reach a plateau and the existence of endothelium was confirmed by the presence of relaxation in response to bradykinin (10 Ϫ7 M).
In the preliminary experiment, cumulative concentration response curves to 5HT, ACh and His (10 Ϫ9 -3ϫ10 Ϫ5 M) were obtained and concentrations of these drugs which contracted the artery rings to 40% of high K ϩ -induced contraction were determined. Concentrations used in the present experiment were 3ϫ10 Ϫ7 M for 5HT, and 2ϫ10 Ϫ7 M for His and ACh.
Effects of H 2 O 2 and X/XO on Contraction Response of Three Drugs After high K ϩ contraction, the rings were contracted five to six times by the drugs. The third, 4th and 5th contraction were almost similar magnitude. After the 4th contraction was obtained, the ring was treated with H 2 O 2 (0.1 mM) or xanthine (X: 0.1 mM)/xanthine oxidase (XO: 10 mU/ml) for 20 min. These concentrations of H 2 O 2 and X/XO were selected to produce 40 to 50% inhibition of 5HT-and His-induced contraction. Then the ring was washed 4 times during 20 min, and contraction was induced by same concentration of drug to measure effects of H 2 O 2 or X/XO. Data Analysis Tension responses were calculated as total developed tension minus resting tension immediately before addition of each agonist. All changes in force were expressed as percentages of the maximum contraction to high K ϩ . All values were expressed as meanϮS.E.M.; n denotes the number of strips (which equals to the number of animals). Statistical significance of the data of each group was evaluated using Student's t-test. A p value of less than 0.05 was considered statistically significant.
Drugs Were Used The following drugs were used: 5HT (serotonin-creatinine sulfate), histamine dihydrochloride (Wako Pure Chemical Industries, Tokyo), acetylcholine chloride (Sigma-Aldrich, U.S.A.), and xanthine (Sigma-Aldrich, U.S.A.) and xanthine oxidase (Wako Pure Chemical Industries, Tokyo) were purchased from each company. Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one) was donated from Mitsubishi Pharma Corporation (Tokyo) and was dissolved in double-distilled water for use.
RESULTS

Figure 1 depicts the effects of H 2 O 2 on the 5HT-, His-and
ACh-induced contractions of coronary arteries. When 5HT-, His-and ACh-induced contractions were determined as 100%, significant decreases of 5HT-, His-and ACh-induced contractions in the presence of H 2 O 2 were observed (pϽ0.01; 5HT and His, pϽ0.05; ACh) and % of decreases by treatment of H 2 O 2 were 41.1Ϯ8.7, 55.9Ϯ7.8 and 25.8Ϯ8.0, respectively.
As shown in Fig. 2 , there were also the almost same potencies of decrease of 5HT-(37.7Ϯ8.1) and His-(40.9Ϯ12.1) induced contractions by treatment of X/XO as those of H 2 O 2 . However, no significant suppression by X/XO on the AChinduced contraction was observed.
Effects of edaravone are depicted in Fig. 3 . Any significant suppressions of edaravone on suppressions of each druginduced contraction by H 2 O 2 were not observed. In contrast, effects of this drug on suppressions of 5HT-and His-induced contractions by X/XO were significantly inhibited, although no effects of edaravone on the suppression of ACh-induced contraction was observed ( Fig. 4 ). 
DISCUSSION
Many reports on vascular smooth muscle have shown that ROS can modulate vascular tone directly or indirectly leading to vasoconstriction or vasodilatation depending on tissues, experimental conditions and species. 5, 7, 16, 17) For example, it has been demonstrated that H 2 O 2 produce contraction in isolated rat aorta, 6) canine coronary, 7) rat pulmonary artery 8) and bovine pulmonary artery. 9) Hydroxylradical contract rat aorta. 11) However, there is few reports that their effects on vasoactive amine-induced contractions. For example, Iesaki et al. reported that H 2 O 2 inhibited phenylephrineinduced contraction. 12) In addition, it is well known that endothelium may act to protect the underlying smooth muscle against ROS. 18) Endothelium and smooth muscle in the coronary artery are also affected differently by individual ROS. ROS releases vasoactive substances from endothelial cells. 17, 19) Therefore, suggesting that it is better to study the precise effects of H 2 O 2 and X/XO on the coronary artery contraction using the preparation without entothelium, although the effects of ROS on endothelium itself remain to be clarified.
In the present study, 5HT, His and ACh were used for the determination of effects of H 2 O 2 and X/XO on the porcine coronary artery contractions. In the absence of endothelium, 5HT, 14, 15, 20) His 21) and ACh 22) caused a concentration-dependent contraction of artery preparations including porcine coronary artery. To study the effects of H 2 O 2 and X/XO, we used concentrations of these agonists produced were similar magnitude of high K-induced contraction.
It is interesting that the present study showed different susceptibility of contractions induced by 5HT, His and ACh. The rank order of inhibition by H 2 O 2 or X/XO of 5HT-, Hisand ACh-induced contractions was Hisϭ5HTϾ ϾACh. Almost same inhibitory effects on contractions of 5HT and His were observed, although ACh-induced contraction was not significantly affected by X/XO. Conversely, ACh-induced contraction was only inhibited by H 2 O 2 , not by X/XO system. Thus, it is evident that ACh uses different mechanism(s) to induce the contraction in the porcine coronary artery from that to 5HT and His.
Krenitsky et al. 23) reported that X/XO system produces O 2
Ϫ and H 2 O 2 and then · OH is formed using Fenton reaction with metal ion, especially iron. 24) Moreover, Kuppusamy and Zweier 25) suggested that X/XO system produce directly · OH. Because of its short life time and very high reactivity, · OH may not penetrate into intracellular space, provably its act only outside the cell membrane. A selective hydroxyl radical scavenger, edaravone 13) effectively suppress only X/XO-induced inhibition of 5HT-and His-induced contractions without antagonism on contractions induced by three agonists itself (data not shown). Moreover, it is reported that metal especially iron which augments production of · OH. 24 23) These data suggest that ROS produced by X/XO, probably · OH, acts some components on the cell membrane. Although we need further study about the targets of · OH action, it seems very likely that the candidates are agonist receptor proteins, membrane components used to produce contraction or relaxation, for example Ca 2ϩ channels (voltagedependent and/or receptor-operated), Na ϩ /Ca 2ϩ exchanger and Ca 2ϩ ATPase.
It is of interest that the different inhibition to agonistinduced contractions was observed. It seems very likely that these agonists used different transduction mechanisms for its contraction. Usually contraction of coronary artery smooth muscle is divided two part, one is Ca 2ϩ entry, the other is Ca 2ϩ release and intracellular Ca 2ϩ signaling system. Three agonists may use these systems differently. There are few reports that in the same experiment, using porcine coronary artery contraction effects of 5HT, His and ACh were compared. We know that effects of vasoactive substances on vascular smooth muscle are varying very much, when use different tissue or same tissue but different species are shown different results. 26) Nakayama et al. reported that 5HT, His and ACh had different characteristics to potentiation of contraction by endothelin-1 in the porcine coronary artery, and suggested that signal transduction mechanisms of 5HT, His and ACh might be different. 27) Further study is needed to clarify that the reason why these agonist have different susceptibility to reactive oxygen spaces.
In the present experiment we suggest that the site of X/XO-induced inhibition to 5HT-and His-induced contractions is outside layer of cell membrane. The extracellular site(s) of action of · OH produced by X/XO may be 1) agonist receptor protein, 2) membrane components used to produce contraction, for example Ca 2ϩ channels (voltagedependent and/or receptor-operated), Na ϩ /Ca 2ϩ exchanger and/or Ca 2ϩ ATPase, which couple to agonist receptors. Although we have no data to discuss precisely, it seems very likely that ACh receptor (muscarinc ACh receptor) and/or the coupled components in the cell membrane are not easily affected by · OH. It is worth to study effects of X/XO treatment on receptor binding study for these amines. 
